neighbourhood environmental quality (Araya et al., 2007 ; H. Thomas et al., 2007) , access to facilities and green space (Takano et al., 2002; de Vries et al., 2003; Guite et al., 2006) , street quality (Balfour and Kaplan, 2002) and neighbourhood walkability (Berke, Gottlieb et al., 2007; Sallis, Saelens et al., 2009 ). Most studies have employed either composite (Araya et al., 2007; Berke, Gottlieb et al., 2007 ; H. Thomas et al., 2007; Sallis, Saelens et al., 2009) or self-reported (Guite et al., 2006; Leslie and Cerin, 2008) measures of the built environment, which often fail to isolate the effects of specific attributes of the built environment upon psychological health in older adults. As far as we can determine, there has been only one study examining the associations between detailed built environmental configuration and psychological health. The study examined the association between objectively measured components of the built environment and mental health, finding higher levels of depression with higher degrees of land use mix and greater retail availability (Saarloos et al., 2011) .
In the present study, we hypothesize two underlying mechanisms through which neighbourhood built environment configuration may influence mental health in older adults. Firstly, the configuration of land use (in terms of mix, density and destination accessibility) as well as street networks (connectivity and movement potential) contributes to the supportiveness of the neighbourhood environment by promoting enhanced accessibility to health-promoting community resources (Bernard et al., 2007) . This promotes local opportunities for outdoor activities such as utilitarian walking to services, leisure walking, cycling and so on. At the same time, the presence of certain destinations may act as barriers to accessibility and healthy living. The protective effects of neighbourhood walkability and physical activity upon psychological disorder in older adults have been well established (Strawbridge et al., 2002; Bean et al., 2004; Weuve et al., 2004; Berke, Gottlieb et al., 2007; Wiles et al., 2007) . Secondly, the residents of a neighbourhood with optimized built environment design have a greater incentive to be outdoors, which in turn will facilitate social inclusion through interactions with friends and neighbours. The positive association between social ties and mental well-being has been well documented (Kawachi and Berkman, 2001; Leyden, 2003; S. Cohen, 2004) . These relationships are of particular importance in older adults, whose daily activities tend usually to be confined to the vicinity of their dwelling, making them more sensitive to the health-promoting or -inhibiting attributes of neighbourhood physical configuration (Balfour and Kaplan, 2002; Diez Roux, 2002) . We test these hypotheses by examining the independent association of a wide range of morphological metrics (morphometrics) with psychological distress in a population of older men. Furthermore, the natural elements of a neighbourhood environment have been known to influence mental health outcomes (Grahn and Stigsdotter, 2003; Sugiyama et al., 2008) , both directly and indirectly in terms of enhanced neighbourhood satisfaction and actual service use (Kaplan, 2001; Ellis et al., 2006) . On the contrary, neighbourhood-level deprivation has been shown to exacerbate mental health (Caspi et al., 2000; Stafford and Marmot, 2003) . This chapter examines the impact of objectively assessed built environment configuration upon psychological distress and whether this association is moderated by the natural environment and area-level deprivation.
METHODS

Study Design
The study is based on the fifth phase of the Caerphilly Prospective Study (CaPS), a population-based male cohort in the Welsh assembly constituency of Caerphilly, South Wales, UK. Further details of the CaPS cohort can be found in Chapter 4. Briefly, the fifth examination was conducted during 2002-04 and comprised 1225 surviving cohort members aged 65-84 years. Extensive clinical examinations included anthropometry, assessment of blood pressure, electrocardiogram, and collection of fasting blood samples.
Psychological distress measures and individual-level covariates
Psychological distress was measured employing the 30-item General Health Questionnaire (GHQ-30), a self-completion instrument widely used to rate levels of psychological distress and psychiatric disorders (Goldberg and Williams, 1988) . The factors of the 30-item General Health Questionnaire are reproduced in Appendix 1. Individual-level risk factors including age, alcohol consumption and smoking status as well as socio-demographic measures of marital status, social class and educational attainment were collected. The study presented in this chapter also controlled for the existence of vascular morbidities, expressed in terms of prevalence of myocardial infarction, angina, high blood pressure, high cholesterol, diabetes and stroke.
The built environment
The conceptual path model illustrated in Figure 6 .1 provides the theoretical framework for the study and guided the formulation and operationalization of a set of robust model variables of built environment configurations and individual-level covariates extracted from the spatial Design Network Analysis for Urban Health (sDNA-UH). A set of built environmental factors acting in conjunction with the physical environment, and neighbourhood deprivation have been posited to configure the psychological health of an individual. The built environment provides the activity space wherein people interact and our perceptions of the environment are formed (including perceptions of psychosocial stressors, resources and activity friendliness). Individual-level factors such as socio-demographics, lifestyle, genetics, prevalence of morbidities and levels of cognitive health have the potential to define psychological health directly, as well as indirectly, through their impact upon the perceived mediators. The present study aimed to objectively measure the various facets of built environment configuration and directly establish their potential impact upon psychological health, with the variables of physical environment, neighbourhood deprivation and individual-level factors acting as potential confounders in our statistical models. Built environment measures from the sDNA-UH were operationalized within a 1 kilometre street network buffer around an individual respondent's dwelling unit. Dwelling-level configurations consisted of plot exposure, dwelling-centred density and dwelling type. Land use configurations were captured through measures of mix and density. A five-category land use mix score was developed consisting of residential dwellings, retail, community services, business and offices, and recreation and leisure facilities. The densities of public transit (bus stops), retail, community services, recreation and leisure, and business and offices were calculated as the number of units divided by the total area within a 1 kilometre street network buffer of a respondent's dwelling unit.
Space syntax modelling was used to measure the physical accessibility of street network segments (Hillier and Hanson, 1984; Hillier et al., 1993; Hillier, 1996; Bafna, 2003; Baran et al., 2008; Hillier, 2012) . We employ this technique in the present study to assess the impacts of street-level accessibility on mental health via their influences upon physical activity and social capital. The space syntax model of urban network configuration has its origin in graph theory and quantitatively measures the relational properties of urban space. In an urban space comprising interconnected subspaces, those that are directly linked through better physical connections and longer unhindered fields of visual sight have better syntactic accessibility and hence are associated with higher movement densities and social interactions. To operationalize this, the OSM ITN Layer of Caerphilly was edited, simplified and transcribed into a road centreline map, which is essentially a model of the street network configuration using the simplest set of line segments representing the longest lines of visual sight. This essentially enables us to capture the effects of changes in direction and the presence of intervening streets upon the individual's sense of orientation in an urban space.
As described in Chapter 5, angular segment analysis (Turner, 2007) of the street network was performed on the ITN Layer in Confeego (Gil et al., 2007) to determine two indices of street network accessibility -connectivity and betweenness. They act as meaningful proxies for the degree of connectedness as well as walkability of street network segments in the present study. Connectivity of a street segment measures the number of segments directly connected to it and is synonymous with the density of street intersections. For older adults, a higher intersection density may inhibit active living on account of higher traffic density and the resulting lack of road safety while crossing streets. Betweenness, also sometimes termed betweenness centrality, measures the through-movement potential of the street segment. In our models, betweenness was measured for each street segment with reference to networks defined at three spatial scales. The radii were chosen after a series of iterations to attain parsimonious model fit as described in Chapter 5. At a local scale, movement potential was measured at a 1200 metre network catchment (equivalent to a 15-minute stroll), with higher values being synonymous with higher street-level walkability and hence greater pedestrian activity, especially in terms of walking for transport, shopping and recreation. Given the spatial extent of Caerphilly, a radius of 3000 metres was employed to measure city-scale accessibility. Movement potential at this scale represents cityscale accessibility to various service utilities and captures degree of public transport and car usage. At N metres (comprising all network segments in the system), movement potential becomes an index of regional accessibility capturing long-distance transit behaviour. Higher regional-level movement potential such as being located near motorways is generally considered a physical-activity-inhibiting environment, being synonymous with traffic density, congestion and pollution.
Natural environment
Natural environmental measures of slope variability and greenness were included in the models, the former being particularly variable given the geographical location in the Welsh Valleys. Slope variability within an individual's home range was operationalized as the standard deviation of slope in degrees within a 1 kilometre network buffer of an individual's dwelling. Satellite-derived Normalized Difference Vegetation Index (NDVI) was used as an objective measure of greenness, calculated as the mean NDVI within a 500 metre circular buffer of an individual's dwelling.
Area-level deprivation
In order to study the effect of area-level deprivation upon psychological distress, Welsh Index of Multiple Deprivation (WIMD) scores were used, measured at the level of lower super output area (LSOA) census areas. In the present analysis, six of the seven domain indices were included, while the domain 'access to services' was excluded to avoid any potential collinearity.
Statistical Methods
The impact of built environment configuration upon psychological distress was examined through a two-part multi-level regression model, with individual respondents being nested within census-defined LSOAs. It was observed that the GHQ-30 scale was semi-continuous, with a significant proportion of zeros (indicating non-existence of symptoms of psychological distress) and exhibiting a right-skewed distribution (Figure 6 .2).
The prevalence of psychological distress was therefore modelled as a twolevel factor (case versus non-case). The conventional GHQ-30 cut-point of a score of 5 or over was employed following a confirmatory validation study conducted in this cohort (Stansfeld et al., 1991) . In the first part, two-level logistic mixed effects models with LSOA-level random effects were fitted on the case/non-case binary GHQ scores. A subset of the sample exhibiting a non-zero GHQ-30 score was extracted, and sensitivity analysis was performed to explicitly examine the associations between the intensity of psychological distress (indicated by a non-zero GHQ-30 score) and the characteristics of built environment configurations, without imposition of the case threshold. Hence, the second part of the model comprised a two-level gamma mixed regression model (gamma regression being used to account for the skewed, non-normal distribution of the GHQ-30 scale) with LSOA-level random effects for all the non-zero GHQ-30 scores (indicative of the prevalence of symptoms of psychological distress).
Land use mix was transformed into tertiles (low, medium, high), while standardized z-scores were used for topological accessibility variables to 
Figure 6.2 Frequency distribution of the GHQ-30 scores of 687 individuals of the fifth phase of the Caerphilly Prospective Study (CaPS)
enhance the interpretation of results. For area-level variables, deprivation domain scores ranged between 0 and 100, with higher scores indicating more deprivation and slope variability and NDVI modelled as standardized z-scores. Age (years) and alcohol consumption (ml/week) were modelled as continuous variables. Social class was expressed in terms of six groups following the Registrar General's occupational classification (Office of Population Censuses and Surveys (OPCS), 1980) and thereafter collapsed into a three-level factor (I/II/III-non-manual, III-manual, IV/V). Marital status was modelled as a three-level factor (married, single, widowed/ divorced/separated), as was education (none/apprenticeship, school certificate/higher technical certificate, professional qualification/degree/higher degree). The morbidities of myocardial infarction, angina, high blood pressure, high cholesterol, diabetes and mini-stroke were modelled as twolevel factors (present/absent).
Statistical analyses were performed in GLLAMM (GLLAMM, 2010) within the Stata 11.2 (StataCorp, College Station, TX) statistical software package.
RESULTS
Completed GHQ scores were assessed for 814 men, 745 of whom remained within the geographical boundary of the study area, the rest having migrated. After exclusions for missing data across all categories, the study consisted of 687 valid responses residing within 34 LSOAs. The number of respondents per LSOA ranged from 6 to 47, with a mean of 20.2 (SD 5 12.7). The descriptive statistics of the representative sample across the case and no-case categories as well as the significance of the between-group difference are presented in Table 6 .1. The prevalence rate of psychological distress was 19.4 per cent, and the mean age of the sample was 73.5 years (SD 5 4.3). Mental health was associated with educational attainment, angina, myocardial infarction, high blood pressure and stroke. The descriptive statistics of environmental variables within the 1 kilometre street buffer employed in the study have been categorized as dwelling-level, land use configuration, topological accessibility of street, natural environment and area-level deprivation variables (Table 6 .2). Table 6 .3 presents the results of logistic mixed models to assess the associations between the prevalence of psychological disorders and measurements of built environment configuration, followed by the gamma mixed model for sensitivity analysis. The analytic plan consisted of four analyses. Model 1 examined the associations of psychological distress with the built Model 2 examined the association of psychological distress with arealevel variable (WIMD, slope variability and greenness), also adjusting for individual-level covariates. Model 3 examined the association of psychological distress with both built environment and area-level variables after adjustment for covariates. Apart from these case threshold (GHQ-30 ≥ 5) models, the psychological distress model used non-zero GHQ-30 scores as a continuous variable for sensitivity analysis. Model 4 presents the results of the gamma mixed model performed over a subset of 314 individual men exhibiting a non-zero GHQ-30 score after adjustments for area-level deprivation domain indices, natural environment and covariates. Analysis of the built environment morphometric variables without adjustment for area-level variables (model 1) found that a higher degree of land use mix was significantly associated with lower odds of psychological distress (OR 5 0.54, p 5 0.02 for the highest tertile). The density of business and offices (OR 5 1.02, p , 0.01) was associated with higher odds of psychological distress, while density of bus stops was only mildly associated (OR 5 1.04, p 5 0. 08). Topological accessibility of the street network at a local level, captured by betweenness at a radius of 1200 metres, was associated with lower odds of psychological distress (OR 5 0.53, p , 0.01). However, regional-level movement potential captured by the global betweenness was associated with higher risks of psychological distress (OR 5 1.58, p , 0.01). Analysis of the area-level variables, without adjustment for morphometric variables (model 2), found that slope variability was associated with higher odds of psychological distress (OR 5 1.38, p , 0.01). Greenness measured by the NDVI index was associated with lower risks of psychological distress (OR 5 0.76, p 5 0.14). In terms of the WIMD domains, greater income deprivation was associated with higher odds of psychological distress (OR 5 1.03, p 5 0.05), whilst greater employment deprivation was associated with lower odds of psychological distress (OR 5 0.96, p 5 0.02). Greater physical environment deprivation was associated with increased risks of psychological distress (OR 5 1.02, p , 0.01).
In the fully adjusted model with both the morphometric and arealevel variables together (model 3), higher degrees of land use mix were associated with reduced odds of psychological distress (OR 5 0.63, p 5 0.07 for the middle tertile, and OR 5 0.43, p , 0.01 for the high tertile). The density of retail or community services or recreation facilities was not related to psychological distress. However, bus stop density (OR 5 1.06, p , 0. 01) and density of business and offices (OR 5 1.02, p , 0.01) were associated with higher odds of psychological distress. Higher local-level street movement potential captured by betweenness at a radius of 1200 metres was associated with lower odds of psychological distress Alcohol consumption 1.00 (1.00, 1.00), p50.84 1.00 (1.00, 1.00), p50. 
Prevalence of vascular morbidities:
Heart attack/coronary thrombosis (yes vs no) (OR 5 0.41, p , 0.01). However, the association of mental health with regional-level street accessibility was lost. Consistent with model 2, hillier topography with higher slope variability was associated with greater psychological distress (OR 5 1.72, p , 0.01), the effects being more pronounced after adjustments of the built environment. However, the NDVI index of greenness was no longer significant. Amongst the deprivation domains, employment deprivation had a slight protective effect (OR 5 0.95, p , 0.01), whilst the education and physical environment domains had a slight harmful effect (OR 5 1.04, p 5 0.04 and OR 5 1.02, p , 0.01 respectively). In contrast to the findings for the GHQ-30 case, gamma regression analysis conducted over a subset of individual men exhibiting a non-zero GHQ-30 score (i.e. exhibiting some degree of psychological distress) indicates that none of the built environment variables are significant (p , 0.05) (see model 4). However, the slope variability factor (b 5 0.20, p 5 0.01) and the employment (b 5 −0.04, p , 0.01) domain of area deprivation remain statistically significant. The area-level between-LSOA random effects component of the analysis was observed to be very small throughout these models (ŝ 2 u , 0.10), indicating negligible heterogeneity between areas.
DISCUSSION
Consistent with our hypothesis, we have found that a number of land use and street network configuration metrics are significantly associated with levels of psychological distress in a representative sample of older men aged 65-84 years. That the associations were attenuated after adjustments for natural environment, deprivation and individual-level factors emphasizes their importance. Lower odds of psychological distress were associated with greater land use mix and with local-level street accessibility. On the contrary, higher odds of psychological distress were associated with higher density of bus stops and business and office units.
Strengths and Limitations
Strengths of these data lie in the population sample, the detailed assessment of the built environment and the multi-level modelling of putative effects. CaPS has achieved high levels of follow-up throughout, and care has been taken to achieve high levels of case ascertainment. The sample used for this analysis represents a 79 per cent response rate in the most recent (fifth) examination. Although CaPS was considered sufficiently large at conception, the number of men with dementia was only just sufficient for this analysis.
This study explored the association of a wide range of objectively measured robust spatial metrics of land use and street network configurations with psychological health. Several studies have employed composite built environment indices to study their impact upon physical activity (Leslie et al., 2007; Frank et al., 2010; Van Dyck et al., 2010; A.C. King et al., 2011) and mental health (Berke, Gottlieb et al., 2007; Sallis, Saelens et al., 2009) . Our study was able to overcome the weaknesses of such composite measures, which often fail to isolate the effects of specific attributes of the built environment upon psychological health. With respect to the street configuration, the street connectivity measure has been employed in health studies to assess the impact of street intersection density upon physical activity (Frank et al., 2004; F. Li et al., 2008; Troped et al., 2010) . The application of space syntax-based street network modelling in this book enabled the inclusion of not only street network connectivity, but also the configurational measure of betweenness as model predictors (which acted as proxies for accessibility in terms of walkability and social connectivity in this study). Within a space syntax modelling paradigm, street configurational measurements of syntactic accessibility are directly appended to each street segment, thereby enabling the study of potential independent associations between individual health behaviours and street configuration metrics. An inherent advantage of this technique stems from the fact that it enables the analysis of street segments at varying spatial scales, measuring accessibility and movement potential at local, community and regional levels. This allows us to assess the health impacts of accessibility at multiple urban scales. In our models, betweenness of a street segment is proportional to the total simulated counts of passing movements through the segment from and to all the other parts of the network following the shortest angular path heuristic between all pairs of segments. This is supported by evidence that the least angular path analysis is the best predictor of movement (Hillier and Iida, 2005) . Thus, the through-movement potential pertaining to each street segment can be enumerated indicating the odds of it being taken while moving through the urban matrix. Modelling the betweenness at multiple radii enabled the assessment of accessibility at multiple urban scales and, by implication, by different modes. These measures add information over and above more established GIS-constructed land use measures of mix and density. In addition, the model used objectively measured natural environment descriptors consisting of slope variability and the NDVI index of greenery. The multi-level analysis, using a random effects model, allowed area-level clustering as well as individuallevel variation to be modelled, providing a more accurate analysis.
The two-part modelling provides a rigorous and statistically valid methodology for analysis of the semi-continuous and skewed GHQ-30 scale. A similar two-part approach has been employed for physical activity outcomes (A.H. Lee et al., 2010; A.H. Lee and Xiang, 2011) . This could usefully be extended to other psychiatric scales, which often tend to be skewed towards the baseline, thereby overcoming the need for scale transformation and dependence on predetermined cut-points. The random effects logistic component of the two-part model assesses the effects of built environment configuration upon the odds of prevalence of psychological disorders, while, in the second part, the random effects gamma component assesses the effects of built environment configurations upon the intensity of psychological disorders. For non-normal distributions, gamma regression is statistically more accurate in providing realistic estimations for small or moderate sample sizes (compared to standard linear regression).
The cross-sectional design of this analysis limits the confidence with which causal interpretations can be made. The sustained effects of built environment factors upon psychological health through different stages of the life course require further exploration. This can only be achieved through longitudinal analyses. Although adjustment for a wide range of confounders enabled several independent effects of the built environment to be identified, the possibility of residual confounding cannot be excluded. Spatial data were collected as close as possible to the end of CaPS phase V (conducted over the duration of 2002-04) in order to avoid temporal mismatch (Buzzelli and Su, 2006) . Nonetheless, limitations owing to this are likely to have been negligible, as the data from Caerphilly County Borough Council indicated relatively stabilized land use and street network characteristics.
Interpretation
Amongst the built environment morphometric results, lower relative odds of psychological disorder with increasing land use mix are consistent with the general hypothesis that higher land use mix is synonymous with enhanced accessibility to health-promoting capital. The effects upon psychological health may manifest themselves along two pathways. The diversity and distribution of community resources may enhance the feeling of neighbourhood satisfaction as well as consolidate social connectivity, thereby adding to social capital (Leslie and Cerin, 2008) . On the other hand, a higher land use mix has generally been associated with smaller trip lengths, thereby acting as an incentive for physical activity (Frank et al., 2004; F. Li et al., 2008; Troped et al., 2010) . However, it does not confirm the counter-intuitive findings from Saarloos et al. (2011) , who found depression to be positively associated with greater land use mix. Saarloos acknowledges his findings require further explanation.
Support for the land use hypothesis in terms of the density of specific land use types was however less clear. No association was found between psychological distress and the density of retail, community services, or leisure and recreation units. This runs contrary to expectations based on the impact of the density of these community resources upon physical activity (Frank et al., 2003; Norman et al., 2006; Diez Roux et al., 2007) . These null findings may be due to lack of statistical power. However, the odds ratios are uniformly virtually one, and this does not seem a likely explanation. Alternatively they may be due to over-adjustment, that is, the masking of an association by the inclusion of an index of land use mix in the same model. This possibility was explored by repeating the analysis omitting land use mix. No evidence for an effect of collinearity was found, however. Another possibility is that there was insufficient variation to detect an association, Caerphilly being a relatively homogeneous area. However, at the same time, the study captured the inhibitory effects of specific land uses. That density of business units was inversely related to psychological distress is consistent with one of the study's hypotheses: areas with predominantly commercial or industrial outlook are usually associated with reduced sense of community, typically associated with unwanted social contacts, having large parking spaces and high traffic (Halpern, 1995; Glass and Balfour, 2003; Wood et al., 2010) . The positive association of psychological distress with increasing density of bus stops was not anticipated. Although this may be a chance effect, it may be that the availability of public transport reduces walking behaviour in older men and this has implications for psychological well-being. Density of bus stops may be associated with reduced sense of traffic safety among older adults, as well as higher levels of noise pollution. Alternatively, higher density of public transport routes may in this community be a proxy variable for aspects of social deprivation that were not captured through the WIMD. Larger concentrations of lower-priced properties in certain locations, for example, have a high propensity for subletting and thus a greater tendency for the formation of clusters of vulnerable adults living in low-income and supported housing.
The space syntax metrics enabled the study to capture the configuration and design of urban form at multiple spatial scales (Kashef, 2011) . Throughout the models, no significant association between psychological distress and street connectivity could be established. Higher local-level street betweenness (measured within a radius of 1200 metres) was associated with lower odds of psychological disorders in all models, controlling for all other variables. This is of specific importance, as higher local-level betweenness of destinations may help create a walkable, well-integrated community with enhanced accessibility to health-promoting capital. These findings underscore the positive influence of community-level street network accessibility upon psychological health and the need for optimizing urban design in this respect. Higher regional-level street movement potential was associated with increased odds of psychological distress (model 1). This might have been attributed to living in the vicinity of major roads, generally associated with traffic density, pollution and reduced perception of safety from traffic, especially among older adults. However, this association was attenuated, no longer being significant in our fully controlled model (model 3) after the introduction of natural environment and area-level deprivation variables. This was indicative of the moderating effects of natural environment. The slope variability factor introduces the terrain-induced disincentive to going out for longer trips, especially in older adults. Furthermore, the beneficial effect of natural greenness in diluting traffic-related pollution and stress is well known. These findings underscore the positive influence of community-level street network accessibility upon psychological health and the need for optimizing urban design in this respect.
Among the natural environment variables, slope variability was consistently associated with psychological distress irrespective of the built environment as well as in the fully adjusted model. This may be attributed to reduced physical capacity and mobility of the elderly in a hilly terrain. In a study conducted by Wood et al. (2010) , perception of steep hills was reported to be associated with a 3.36 per cent decrease in the sense of community. That none of the built environment variables were significantly associated with the non-zero GHQ-30 score model in a subset population exhibiting symptoms of psychological distress is of interest. On the one hand, in the case/non-case threshold model, the hypothesis is that higher slope variability combined with the built environment attributes acts as a disincentive to 'go out' among the psychologically distressed compared to the non-cases. On the other hand, among the non-zero GHQ population, slope variation alone has an influence on the variation in psychological distress level. It seems that the terrain-induced disincentive to 'go out' kicks in for the population subset exhibiting symptoms of psychological distress, thereby rendering them insensitive to built environmental factors.
A statistically significant association between the beneficial effects of greenness and psychological health was also observed to be independent of the built environment; however, the association became null after the inclusion of built environmental configurational measures. This is fascinating, since it suggests that network configuration may be more important than proximity to green space per se.
In the models, income, employment and physical environment domains of area-level deprivation were found to be associated with psychological distress, ignoring built environment patterns (model 2). LSOAs having higher deprivation with respect to income and physical environment deprivation domains were associated with higher odds of psychological distress. The physical environment domain index operationalizes environment deprivation through indicators of air quality, air emissions, proximity to waste disposal and industrial sites, and flood hazard. However, higher employment deprivation was associated with lower odds of psychological distress in the elderly. An explanation of this might be that the employment deprivation index is reflective of social security and benefits, measuring the proportion of working-age people claiming out-of-work benefits and consisting of indicators of claimants of unemployment benefits, incapacity benefit, severe disability allowance and so on. Since the study cohort is largely beyond the legal working age, the presence of unemployed family and community members entitled to benefits may constitute a socially supportive and cohesive environment, having a positive impact upon the psychological health of elderly people.
After the inclusion of built environment parameters in the model, only the employment and education domains of deprivation indictors remained significant. LSOAs with higher educational deprivation were associated with higher prevalence of psychological distress. Since employment effects are controlled for, this might indicate an improved ability to cope with psychological distress with increasing levels of educational attainment.
CaPS is a cohort of middle-aged and older men; hence, one must be cautious in generalizing the nature of associations to other sections of the population, particularly on account of differences in individual risk factor profiles between populations, for example in older women or in younger men. Nevertheless CaPS may be considered a reasonably representative population sample, and the data are highly informative for this demographic group. It is important to recognize that the influence of different components of land use configuration on mental health is likely to be complex and may vary not only according to mix and density but also according to the natural and economic environment. For example, CaPS is situated in the South Wales Valleys, where there is high slope variability and an ongoing post-industrial transition of land use. Under such circumstances it is important to consider the level of generalizability of the observed associations. It may be, for example, that the benefit to mental health of higher local area street accessibility is more widely generalizable than the inverse association of bus stop density with mental health. Only further research can address these issues.
CONCLUSIONS
The evidence from the study supports the hypothesis that variation in the way the built environment is configured (by design or evolution) has an impact upon the psychological health of older adults. The exact causal mechanisms linking built and natural environments with mental health emerge over time as a result of complex interactions and are likely to be age specific. This necessitates a replication of the present study through a robust prospective design operating at a much larger scale with diverse age groups.
There has been substantial ongoing debate about the implications of sound urban planning and design upon preventive health management. The objective measurements of built and natural environment factors produce much-needed scientific tests in support of evidence-based research into holistic public health planning such as urban design and retrofitting of the built environment in pursuit of health-sustaining communities. Consequently, the study has specific relevance in local authority planning decisions with respect to optimizing the neighbourhood activity space so as to promote healthy activity behaviour. So the distribution and siting of the health-promoting community resources in the urban matrix may be planned so as to make them more accessible to dwelling locations. Similarly, street segments associated with high local-scale syntactic accessibility and, hence, a higher potential to support pedestrian density may be specifically targeted for further improvements with an aim to enhance neighbourhood walkability and social connectivity. In this regard, retrofitting with improved design features and pedestrian infrastructure including nature and quality of sidewalks, a high proportion of dwelling block faces exposed to sidewalks, the presence of traffic-calming features and speed impediments, and enhancements in aesthetic aspects may all have positive effects upon healthy activity behaviour. As a preventive approach to geriatric psychological health, care homes for the vulnerable old and handicapped should be planned in optimized locations, with a view to encouraging healthy activity behaviour and social connectivity as well as creating an improved perception of community satisfaction. Thus, optimizing urban planning and design at a community level may contribute towards devising effective intervention strategies in preventive health. Large-scale studies are required for gathering further evidence to support informed planning decisions.
